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0 Process for producing ethylene-alpha-olefin copolymers. 
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@ A process for producing an ethylene-a-olefin copolymer which comprises copolymerizing ethylene and an a- 
olefin at a temperature higher than 120 'C by using a catalyst system comprising a specified titanium amide 
compound represented by general formula (R^ R2N)4^TiYn and an oxygen-containing alkylaluminum compound. 
According to the above process, there can be obtained ethylene-a -olefin copolymers narrow In composition 
distribution, high in molecular weight and excellent In weather resistance, colorizability, corrosion resistance and 
dynamic properties. 
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as dimethylamidotitanium trichloride and the like and an organoaluminunfi compound [J. of Polym. Sci. Part 
A-1. 241, 6 (1968)] have been proposed. 

However, if a copolymerization of ethylene and a-olefin is carried out with the catalyst systems 
disclosed in these papers, no satisfactory result has been obtained. Thus, according to the process 
disclosed in EP-A-0 320169 and Italian Patent No. 867243, the formed ethylene-a-olefin copolymer has a 
broad composition distribution. According to the processes disclosed in EP-A-0 104374, Japanese Patent 
Application KOKOKU (Examined Publication) Nos. 42-11646 and 42-22691 and J. Polym. Sci. Part A-1. 241, 
6 (1968), catalyst activity, copolymerizability and nan-owness of composition distribution are unsatisfactory. 

In order to solve the above-mentioned problems, the present inventors previously proposed [Japanese 
Patent Application KOKAI (Laid-Open) No. 2-77412] a process for copolymerizing ethylene and a-olefin to 
give a copolymer having a narrow composition distribution which comprises using a catalyst system 
comprising an organoaluminum compound and a liquid catalyst component comprising a titanium com- 
pound represented by the following general formula: 

(R^R2N)4^m*n,TiX„.Y« 

wherein and each represent a saturated hydrocarbon group having 8 to 30 carbon atoms, X 
represents a halogen atom, Y represents an alkoxy group, m Is a number satisfying 1 ^ m £ 3. and n is a 
number satisfying 0 S n S 2, and (m + n) satisfies 1 S (m + n) s 3. 

However, this process had a fauH that, if the catalyst system was used at a high temperature, the 
catalyst activity was very low and the ability to copolymerize o-olefin was low, and the resulting polymer 
was unsatisfactory In composition distribution. 

In view of the above-mentioned present status of things, the problem to be solved by this Invention or 
the object of this Invention consists in providing a process for producing an ethylene-d-olefin copolymer 
which comprises using a novel catalyst system, by the use of which a high catalyst activity per transition 
metal can be exhibited at. high temperatures and an ethylene-a-olefin copolymer narrow in composition 
distribution, high in molecular weight and excellent In weather resistance, colorlzabllity, corrosion resistance 
and dynamic properties can be obtained. 

Thus, this invention relates to a process for producing an ethylene-o-olefin copolymer which comprises 
copolymerizing ethylene and an a-olefin at a polymerization temperature higher than 120'C by using a 
catalyst system comprising as catalyst component (A) a titanium amide compound represented by the 
following general fonmula: 

(RiR2N)4.„TIY„ 

wherein R' and R^ each represent a hydrocarbon group having 1 to 30 carbon atoms, Y represents an 
alkoxy group and n represents a number satisfying 0 S n S 3, and, as catalyst component (B) an oxygen- 
containing alkylaluminum compound. 

Figure 1 Is a differential scanning calorimeter (DSC) chart illustrating the melting behavior of the 
copolymer obtained in Example 1. 

Figure 2 is a DSC chart illustrating the melting behavior of the copolymer obtained in Comparative 
Example 7. 

Figure 3 is a DSC chart illustrating the melting behavior of the copolymer obtained in Comparative 
Example 8. 

Figure 4 is a flow chart diagram for facilitating understanding of this invention. This flow chart diagram 
Is nothing more than one typical example of the embodiments of this invention, and this Invention is by no 
means limited by it. 

The catalyst component (A) used in this Invention is constituted of a nitrogen-containing titanium 
compound represented by the following general formula: 

(RiR2N)4.„TIY, 

wherein R^ and R', identical or different from each otiier, each represents a hydrocarbon group having 1 to 
30 carbon atoms, Y represents an alkoxy group, and n represents a number satisfying 0 S n S 3. 

R^ and R^ are not critical, but preferably alkyi group and aryl group, and the catalyst component (A) 
may be in any of liquid and solid states. 

As examples of the alkoxy group, methoxy, ethoxy, propoxy, butoxy. 2-etiiylhexoxy, decoxy and the like 
can be referred to. From the viewpoint of catalyst performances, the alkoxy group is not critical. The alkoxy 
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group preferably has 1 to 12 cartx)n atoms 

...^:z^;::::^ST °' '^"'""^ ^^'^^ '"^'"^^ 

t9trakls{diethylannino)titanium. 
6 tBtrakis(dlpropylamino)titanliim, 
tBtrakis(dlbutylamino)titanlum. 
tetrakls(dihexylamrno)titanium. 
tetrakis(diphenylamino)titanium. 
tetrakls(dioctylamino)titanium, 
JO tetrakrs(didecylamino)titanlum, 
tetrakis{droctadecylamino)titanium, 
methoxytris(dimethylamino)titanium. 
ethoxytris(dimethylamino)titanium, 
butoxytris(dlmethylamlno)tltanium, 
T5 hexoxytris{dimethylamino)titanium, 

2-ethylhexoxytris{dimethylamlno)titanium. 
decoxytris(dlnnethylamino)titan!um, 
methoxytris(diethylamino)titanium. 
ethoxytrls(diethylamino)tltanium, 
20 bulaxytris(drethylamino)titanlum, ■ 
hexoxytrls{diethylamino)titanium, 
2-ethylhexoxytris{diBthylamino)titanium, 
.decoxytris(diethylamino)titanium, 
methoxytrls(dipropy)amlno)tltantum, 
2S ethoxytris(dipropylamlno)tltanium, 
butoxytris(dipropylamino)titanlum, 
hexoxytris(dipropylamino)titaniuni, 
2-ethylhexoxytris{dipropyfamino)titaniuTn, 
dBCoxytris(dlpropylamlno)tjtanium, 
30 methoxytris(dibutylamino)titanium, 
ethoxytris(dlbutylamino)titanium. 
butoxytris(dibuty lamino)titanium , 
hexoxytrts{dibiityIamino)titanium, 
2-ethylhexoxytns{dibutylamino)titanium, 
35 decoxytris(dibutylamino)titanium, 
methoxytris(dihexylamino)titanium. 
ethoxytris(dihexylamino)titanlum, 
butoxytris(dihexytamlno)titanium, 
hexDxytris(dihexylamlno)titanlum. 
40 2-ethyIhexoxytrjs(dlhexyIamino)tltanium. 
decoxytris(dihexylamlno)titanlum. 
methoxytris(dlphenylamino)titanlum. 
. ethoxytris(diphenylamino)titanium, 
•butoxytris(diphenylamlno)titanium, 
45 hexoxytns(dipheny(amino)titanlunn, 

2-ethylhexoxytrls(diphenylamino)titanium, 
decoxytris(diphenylamino)titanlum, 
methoxytris{dioctylamino)titanlum, 
ethoxytris(dioctyIamino)tltanium, 
50 butoxytris(dioctylamino)tltanlum, 
hexoxytris{didecylamino)titanium. 
2-ethylhexoxytrjs(didecylamjno)titanium. 
decoxytris(dloctylamino)titanium. 
methoxytris(didecylamino)titanium, 
55 ©thoxytrls(didecylamino)tltanium, 
butoxytris(didecylamino)titanium, 
hexoxytris(didecylamlno)titanium, 
2-6thylhexQxytrls{didecylamino)titanium. 
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decoxytris(didecylamino)tltanium, 

methoxytris(dloctadecylamjno)titanlum, 

ethoxytrls(dioctadecylamjno)titanium, 

butoxytrls(dioctadecylamino)titanium, 
. 5 hexoxytris(dioctadecy lam in o)titan I u m , 

2-ethylhexoxytris(dioctadecylamino)tjtanium, and 

decoxytris(dioctadecylamino)titanium. 

Among these compounds, preferable are tetrakls(dimethylamlno)titanium. tetrakis(diethylamino)titanium, 

tetrakis(dipropylamino)tjtanium. tetrakis(dlbutylamlno)titanium. tetrakis(dihexylamlno)titanium, tetrakls- 
70 (diphenylamino)tltanium, tetrakis(dioctylamlno)tltanium. tetrakis(didecylamlno)tltanlum and tetrakls- 

(dioctadecylam[no)titanium. 

As the method for synthesizing these titanium amide compounds (A), the methods mentioned in 

Japanese Patent Application KOKOKU (Examined Publication) Nos. 41-5397 and 42-11646. H. Burger et al.. 

J. of Organomet. Chem., 108 (1976). 69-84. H. Burger et al.. J. of Organomet. Chem.. 20 (1969). 129-139,* 
15 can be adopted. 

In this invention, the synthesis was carried out according to these methods by reacting (i) a secondary 
amine compound represented by the following general formula: 

20 ■ . 

wherein R* and R^ each represent a hydrocarbon group having 1 to 30 carbon atoms, with (ii) an alkyl- 
(alkali metal) represented by the following formula: 

R«M 

25 

wherein represents a hydrocarbon group having 1 to 30 carbon atoms and M represents an alkali metal 
such as Li, K and the like, to synthesize an alkali metal amide compound, and subsequently reacting said 
alkali metal amide compound with (iii) titanium tetrahalide represented by the following general formula: 

30 TiX4 

wherein X represents a halogen atom such as chlorine, bromine and iodine and preferably chlorine. 

As examples of the oxygen-containing alkylaluminum compound used In this invention as catalyst 
component (B) of the polymerization catalyst system, cyclic and acyclic aluminoxanes of which structures 
35 are represented by the following general formulas: 

[A1(R3)-0]k and 
R32A![AI{R3)-0]kAI-R32 

40 wherein R^ represents a hydrocarbon group having 1 to 8 carbon atoms and k is an integer of 1 or greater, 
preferably 2 to 30. can be referred to. More specifically, concrete examples of sard oxygen-containing 
alkylaluminum compound include tetramethyladialuminoxane, tetraethyldialuminoxane. tetrabutyldialuminox- 
ane, tetrahexyldialuminoxane, methylaluminoxane, ethylaluminoxane, butylaluminoxane and hexylaluminox- 
ane, among which methylaluminoxane is particularly preferable. 

46 The aluminoxanes are produced by various methods. Preferably, they are produced by contacting water 
with a solution of a trialkylaluminum such as trimethylalumlnum In an appropriate organic solvent such as 
toluene or aliphatic hydrocarbon. For example, an alkylaluminum is treated with water in the form of wetting 
solvent. According to another preferable method, an alkylaluminum such as trimethylalumlnum is contacted 
with a hydrated salt such as copper sulfate hydrate or ferrous sulfate hydrate. Production of aluminoxane in 

50 the presence of ferrous sulfate hydrate is most preferable. According to this method, a dilute solution of 
trimethylaluminum in, for example, toluene is treated with ferrous sulfate hydrate represented by 
FeS04 '7142 0. Preferably, 6 to 7 moles of trimethylaluminum is treated with about one mole of fen'pus 
sulfate hydrate. Occurrence of the reaction can be proved by generation of methane gas. 

The amount of component (B) can be varied In so wide a range as 1 to 10,000 moles, preferably 1 to 

55 1 .000 moles and more preferably 1 to 500 moles, per one mole of titanium atom in component (A). 

In this invention, the method for feeding the catalyst components Into polymerization reactor is not 
particularly critical, except that they have to be fed in an inert gas such as nitrogen or argon In a moisture- 
free state. 
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The catalyst components (A) and (B) may be fed either separately or after mutually contacting them 
previously. 

In this invention, the conditions of polymerization are as follov^s. Thus, the polymerization temperature 
is 120-C or above, preferably 135*C to 350*0. and more preferably 150*C to 270 -C. As for the 
5 polymerization pressure, It is 5 to 100 kg/cm^ and preferably 10 to 50 kg/cm^ in the case of solution 
process; and 350 to 3.500 kg/cn^ and preferably 700 to 1.800 kg/cm^ In the case of high pressure ion 
process. As for the mode of polymerization, batch-wise process and continuous process are both adoptable. 

In the solution process polymerization using a catalyst system of this invention, the soNent is usually 
selected from hydrocarbon solvents such as hexane, cyclohexane, heptane, kerosine fractions and toluene. 
10 The a-olefins usable In this invention are those having 3 to 20 carbon atoms, preferably 3 to 10 carbon 
atoms, such as propylene, butene-1, 4-methylpentene-1 . hexene-1. octene-1 and vinylcyclohexane. 

This Invention is particulariy successfully applicable to production of ethylene-a-olefin copolymers 
constituted of at least 80% by mole of ethylene and a residual quantity of at least one a-olefln, particulariy 
those such as propylene, butene-1. 4-methylpentene-l . hexene-1 and octene-1. 
T5 It is also possible to add a chain transfer agent such as hydrogen in order to regulate the molecular 
weight of polymer. 

Next, this invention will be illustrated in more detail by way of the following examples and comparative 
examples. 

Properties of polymers referred to in the examples were measured according to the following methods. 
20 Thus, o-olefin content was determined from the characteristic absorptions of ethylene and o-olefin by 
the use of Infrared spectrophotometer JASCO302 manufactured by NIPPON BUNKO KOGYO CO. 
Intrinsic viscosity [n] was measured with Ubbellohde viscometer in tetralin solution at 135' C. 
As the rrieasure for expressing composition distribution, average melting point <Tm> was used, which 
was determined from a measurement using a differential scanning calorimeter (DSC) and a calculation 
25 according to the following equation. A smaller value of <Tm> means a narrower composition distribution. 
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Z (Hi X ti) 

<Tm> « — — 

EHi 

wherein 50*C < ti < 130*C, and HI is energy of melting (W/g) at temperature Ti. 
Example 1 

(1) Syntheses of catalyst components Synthesis of titanium amide compound (A): 



After replacing the inner atmosphere of a 300 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer with argon gas. 18.1 ml (60 mmoles) of dioctylamine and 150 ml of hexane were charged into 
40 the flask. 

Then, 60 mmoles of butyllithium diluted with 38.7 ml of hexane was dropwise added from the dropping 
funnel Into the flask over a period of 30 minutes while keeping the temperature of the solution in the flask at 
5 • 0. After dropping it. the resulting mixture was reacted first at 5 • C for 2 hours and thereafter at 30 • C for 
2 hours. 

Then. 1.65 ml (15 mmoles) of titanium tetrachloride was dropwise added from the dropping funnel into 
the reacted mixture over a period of 30 minutes while keeping the temperature at 5 ' C. After dropping it, the 
resulting mixture was further reacted first at 5* C for one hour and thereafter at 30* C for 2 hours to obtain 
15 mmoles (yield of this reaction was assumed to be 100%) of titanium amide compound (A) represented 
by a composition formula [(C8Hi7)2N]4Ti (catalyst concentration: 0.062 mmole Ti/ml). 

(2) Polymerization of ethylene 



After vacuum-drying an autoclave having an inner volume of 400 ml and equipped with a stirrer and 
replacing its inner atmosphere with argon gas, 140 ml of toluene as a solvent and 480 mmoles of 1-hexene 
55 as an ar-olefin w re charged, and temperature of the reactor was elevated to 180* C. Then, ethylene was fed 
at a controlled ethylene pressure of 25 kg/amK After the system had been stabilized, 8 mmoles of 
methylaluminoxane (MAO) manufactured by T0S0H*AK20 Co. as an organoaluminum compound was fed. 
and subsequ ntly 0.08 mmole of th compound represented by the composition formula [(CbHi7)2N]»tI 
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synthesized rn Paragraph (1 ) was fed as a catalyst component. Then, a polymerization reaction was earned 
out for 2 minutes at a controlled temperature of 180' C. As a result. 22,000 g of a copolymer was obtained 
per 1 mole of transition metal (catalyst activity: 22.000 Q-copolymer/mole-M). The results are shown in 
Table 1. Rgure 1 illustrates the melting behavior of the copolymer obtained herein measured by DSC. In 
5 Figure 1, abscissa expresses temperature ('C) and ordinate expresses energy of melting (uw). It can be 
said that when the melting peak of Rgure 1 appears at a lower temperature position, the composition 
distribution of polymer is narrower. In the case of the copolymer obtained herein, the composition 
distribution was very narrow. 

70 Comparative Example 1 

A polymerization of ethylene was carried out in the same rnanner as In Example 1-(2), except that 8 
mmoles of triisobutylaluminum (TIBA) was used as an organoaluminum compound in place of MAO. As a 
result, polymer was hardly obtained. 

75 

Comparative Example 2 

A polymerization of ethylene was carried out in the same manner as in Example 1 -(2), except that 8 
mmoles of ethylaluminum dichloride (EADC) was used as an organoaluminum compound in place of the 
20 MAO. As a result, 31 ,000 g of a polymer was obtained per 1 mole of transition metal. However, molecular 
weight of the polymer expressed in terms of [n] was 0.04 which was much lower than that In Example 1. 

Comparative Example 3 

25 Polymerization of ethylene: 

After vacuum-drying an autoclave having an inner volume of 400 ml and equipped with a stirrer and 
replacing its inner atmosphere with argon gas, 140 ml of toluene as a solvent and 480 mmoles of 1-hexene 
as an a-olefin were charged, and temperature of the reactor was elevated to 80* C. Then, ethylene was fed 
30 at a controlled ethylene pressure of 6.0 kg/cm^. After the system had been stabilized. 8 mmoles of MAO 
. was charged as an organoaluminum compound, and subsequently 0.08 mmole of the compound repre- 
sented by the composition formula [(CBHi7)2N]+Ti synthesized in Example 1-(1) was added as a catalyst 
component. Then, a polymerization reaction was carried out for 2 minutes at a controlled temperature of 
80* C. As a result, polymer was hardly obtained. 

35 

Example 2 

A polymerization of ethylene was carried out in the same manner as in Example 1-(2). except that a 
polymerization temperature of 200 • C was adopted. As a result a polymer having a nan-ow composition 
40 distribution was obtained as in Example 1. 

Comparative Example 4 

A polymerization of ethylene was canied out in the same manner as in Example 2, except that 0.08 
45 mmole of biscyclopentadienyl zirconium dichloride (Cp22rCl2) was used as a catalyst component in place 
of the titanium amide compound (A) used in Example 2. As a result, molecular weight of the polymer 
expressed In terms of [n] was 0.17 which was much lower than that in Example 2, 

Comparative Example 5 

50 

(1) Synthesis of catalyst component Synthesis of titanium amide compound: 

After replacing the inner atmosphere of a 100 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer with argon gas, 6.0 ml (20 mmoles) of dioctylamine and 50 ml of hexane were charged. 
55 Then. 20 mmoles of butyllithium diluted with 12.9 ml of hexane was dropwise added from the dropping 
funnel into the flask over a period of 30 minutes, while keeping the Inner temperature of the flask at 5* C. 
After dropping it. the resulting mixture was reacted first at 5* C for 2 hours and thereafter at 30'C for 2 
hours. 



7 



to 



EP 0 509 233 A2 

H« i'^ S °* tetrachloride was dropwise added from the dropping funnel into 

the reacted rnocture obtained above over a period of 30 minutes, while keeping the temperature S 1,9 

at 30 C for 2 hours, to obtain 20 mmoles (yield of this reaction was assumed to be 100%) of a ZJum 
amide compound represented by a composition formula (CHirfeNTlCI,. 

(2) Polymerization of ethylene 

the tmrlrn'f "°" u '^'"^ "^^""'^ ^^P'« ^-f^)- ^^cept that 0.08 mmole of 

Tid .mVT"^ ''^.'^^ composition formula (CH.OaNTiCI, synthesized in Paragraph (1) wi 
Trrrhf ' H~""^T f"'"' °' represented by the composition formula [(6, h!^ 

SibutiL " ^""^ ^''^^'"^^ » '>~-^ ~-P-i«on 

15 Comparative Example 6 

A polymerization of ethylene was canied out in the same manner as in Comparative Example 5-(2) 
except that 8 mmoles of TIBA was used as an organoaluminum compound in place of MAO Results of he 

20 SSI^r r ''°'^'"-'-«'>" ««*vity Of the catalyst wi very low. and the polymer 

20 Obtained had a broad composition distribution. n^'yinor 

Comparative Exampls 7 

A polymerization of ethylene was carried out in the same manner as in Example 1-(2) exceot that 0 08 

« mmole of titanium tetrachloride was used as a catalyst component in place of the cornJ^urrZlted 

• DSC Lr.Tf "^"'^J^'^J'Ti. Results of the polymerization are shown i'lalSe T^dte 

Sn^n f • T.. " ''IT" "3"'* " " ^^^^ catalyst used herein was 

low m copolymeramg ability and the polymer obtained herein had a broad composition distribution. 

30 Comparative Example 8 

(1) Synthesis of catalyst component 

th«™o?'"^l"^ ^ atmosphere of a 100 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer with argon gas, 3.8 ml (20 mmoles) of decyl alcohol and 50 ml of hexane wera charged 

Then 20 mmoles of butyllithium diluted with 12.9 ml of hexane was dropwise added from the dropDino 

|«rfte^dropping it. the resulting moctura was reacted first at 5- C for 2 hours and thereafter at 30-C for 2 

tho I1!?"h°'^^ r' °' *«tfachloride was dropwise added from the dropping funnel into 

T^^TTi 'T"' " °' '° ^•'"^ •'^^P'^S "'^ temperature at 5' b aL droS 

It, the resulting mixture was reacted first at 5' C for one hour and thereafter at 30' C for 2 hours to oSH 

cr^r;irrc:rS;rr ^^^-^^^ ^ " ^"'^^ ^ ^ tKamum. compound repre^eldT: 

(2) Polymerization of ethylene 

A polymerization was carried out in the same manner as in Example 1.(2). except that the comoound 
represented by the composition formula (C,oH.,0).Ti synthesized in Paragraph (1 ) wl use^^^^^^^ 
so component ,n place of the compound represented by the composition formula [{C^ H^ .N^^^^^^^^^^^^^^ 
Of pc^ymenzaton are shown in Table 1. and DSC chart of the polymer thus obtaine^^^^^^ ^ 
3. It IS apparent therefrom that the catalyst activity per transition metal was lower than that of ExamSeT 
. and the polymer obtained herein had a broad composition distribution. ^ 

55 Example 3 

(1) Synthesis of catalyst component Synthesis of titanium amide compound (A): 
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After replacing the inner atmosphere of a 300 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer with argon gas, 6.3 ml (60 mmoles) of diethylamine and 150 ml of hexane were charged. 

Then, 60 mmoles of butylllthium diluted with 38.7 ml of hexane was dropwise added from the dropping 
funnel Into the flask over a period of 30 minutes, while keeping the temperature of the solution in the flask 
5 at 5"C. After dropping it, the resulting mixture was reacted first at 5* C for 2 hours and thereafter at 30* C 
for 2 hours. 

Then, 1.65 ml (15 mmoles) of titanium tetrachloride was dropwise added from the dropping funnel into 
the reacted mixture over a period of 30 minutes, while keeping the temperature of the mixture at 5* C. After 
dropping it. the resulting mixture was reacted first at 5* C for one hour and thereafter at 30* C for 2 hours to 
70 obtain 15 mmoles (yield of this reaction was assumed to be 100%) of a titanium amide compound (A) 
represented by a composition formula [(C2Hs)2N]4Ti. 

(2) Polymerization of ethylene 

75 A polymerization was canied out in the same manner as in Example 1-(2), except that 0.08 mmole of 
the compound represented by the composition formula [(C2Hs)2N]4Ti synthesized In Paragraph (1) was ued 
as a catalyst component in place of the compound represented by the composition formula [(C8Hi7)2N]4TI. 
Thus, a polymer having a narrow composition distribution was obtained as in Example 1 . 

20 Comparative Example 9 

A polymerization of ethylene was carried out in the same manner as in Example 3-(2), except that 8 
mmoles of TIBA was used as an organoaluminum compound in place of MAO. As a result, polymer was 
hardly obtained. 

Comparative Example 10 

(1) Synthesis of catalyst component Synthesis of titanium amide compound: 

30 After replacing the inner atmosphere of a 100 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer with argon gas, 2.1 ml (20 mmoles) of diethylamine and 50 ml of hexane were charged. 

Then, 20 mmoles of butyllithium diluted with 12.9 ml of hexane was dropwise added from the dropping 
funnel into the flask over a period of 30 minutes, while keeping the inner temperature of the flask at 5 ' C. 
After dropping it. the resulting mixture was reacted first at 5* C for 2 hours and thereafter at 30'C for 2 

35 hours. 

Then. 2.2 ml (20 mmoles) of titanium tetrachloride was dropwise added from the dropping funnel into 
the reacted mixture over a period of 30 minutes, while keeping the inner temperature of the flask at S'C. 
After dropping It, the resulting mixture was reacted first at 5*C for one hour and thereafter at 30* C for 2 
hours. 

40 After the reaction, the mixture was allowed to stand to separate the solid from the liquid. The separated 
solid was twice washed with each 50 ml portion of hexane and dried under reduced pressure to obtain 4.5 g 
of a solid titanium amide compound represented by a composition formula (C2H5)2NTiCl3. 

(2) Polymerization of ethylene 

45 

A polymerization was carried out in the same manner as in Example 1 (2), except that 0.08 mmole of 
the compound represented by the composition formula (C2H5)2NTiCl3 was used as the catalyst component 
in place of the I(C8Hi7)2Nj4Ti. The polymer thus obtained had a broad composition distribution. 

50 Comparative Example 1 1 

A polymerization of ethylene was canried out in the same manner as in Comparative Example 10-(2), 
except that 8 mmoles of TIBA was used as an organoaluminum compound in place of MAO. The result of 
the polymerization are shown in Table 1. It is apparent that the catalyst used herein had a very low 
55 polymerization activity, and the polymer obtained herein had a broad composition distribution. 

Comparative Example 12 
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(1 ) Synthesis of catalyst component Synthesis of btanium amide compound: 

,y,.rZZ T^'^*:!!^^ '^^ atmosphere of a 200 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer y.,th argon gas. 2.7 g (16 mmoles) of diphenylamine and 100 ml of hexane w^^e chToed 

funnniTt' °' '""^^ ^''^ dropwise SSd , omt?dro^^^^^ 

Sr " '^'"'^ ^° '^"^ "^^P'^S ^•'^ temperature of the flalk ^ 5 • C 

Afte^droppmg .t the resulting mixture was reacted first at S'C for 2 hours a^d thereaftTr al 30 • C I 2 

,fl th„ ^!!^' ^^^r' <^^'"'"°'«=) °' ^a"'"'" tetrachloride was dropwise added from the dropping funnel into 
10 the reacted mixture obtained alx)ve over a period of 30 minutes, while keeping the temperature o the 

Ifrto w • '® °* '^^'^^ assumed to be 100%) of a titanium 

amide compound represented by a composition fomiula (CHsfeNTICI,. 

15 (2) Polymerization of ethylene 

A polymerization was carried out in the same manner as in Example l-(2) exceot that 0 08 mmnio 
^IdTpreVfT""*'' ^''^ '""-"'^ syntU^iredt 

L'aTroid^^m^n™^ 
Example 4 

(1) Synthesis of catalyst component Synthesis of Btanium amide compound (A): 

m.r!^y^^ '"^ atmosphere of a 300 ml flask equipped with a stirrer, a dropping funnel and a 
Tn Tell^r^Tl """'^'^ °' diphenylamine and 200 ml of heXane w'Tre cSged " 

funnll into the f7,« n '"''"'^T.T'^ °* '^^^ '^"'P^'^^ =^<'«d from the dropping 

aZ h ?t ^ ''^"'"^ °^ ^ ''''"^ ''^^P'^S the inner temperature of the flask at 5 'c 

Aft-dropping ., the resulting mixture was reacted first at 5-C for 2 hours and thereafter at 30- C for 2 

35 the ^^llrt m JT' r°"!' °J tetrachloride was dropwise added from the dropping funnel into 

^ ,n.^ , , : f ^ ^ *■ '^^""'"9 ^'^ '^acted first at 5' C for one hour and thereafter 

at 30 C for 2 hours, to obtain 4 mmoles (yield of this reaction was assumed to be 100%) ora^lid Si 
am.de compound (A) represented by a composition fomiula ICH5),N],Ti. ^ 

40 (2) Polymerization of ethylene 

A polymerization was carried out In the same manner as in Example 1-(2) excent that n or rr,^„> , 

us:dTST""'"' "'"P"^"'"" ^"^"""'^ [(CsHO^N^TrsyntSsiz^d Pa agraph 0 w- 

« -n tLT.^ '"T""::' °' ""^P^""" represented by the composition foS [(^Hw W 

« .NJ,T.. The polymer obtained herein had a narrow composition distribution as in Example 1 ' 

Comparative Example 13 



20 



25 



30 



so 



A polymerization of ethylene was carried out in the same manner as in Examole 4 (2) exr^nt fh.t « 
?;,etL;;l'f.?'''T""" ^^'^"'^ ^^^^^ ^^^^ - - organoalumlnum ^^^^^^^^^^ 
compo it.^ ' " polymenzation acuity, and the polymer obtained herein had a broad 



composition distribution. 
55 Example 5 

(1) Synthesis of catalyst component Synthesis of titanium amide compound (A) 
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After replacing the inner atmosphere of a 300 ml flask equipped with a stirrer, a dropping funnel and a 
thermometer with argon gas, 10.5 ml (60 mmoles) of diisobutylamine and 150 ml of hexane were charged. 

Then. 60 mmoles of butylllthium diluted with 38.7 rnl of hexane was dropwise added from the dropping 
funnel Into the flask over a period of 30 minutes, while keeping the inner temperature of the flask at 5* C. 
5 After dropping it, the resulting mixture was reacted first at 5" C for 2 hours and thereafter at 30'C for 2 
hours. 

Then. 1.65 ml (15 mmoles) of titanium tetrachloride was dropwise added from the dropping funnel into 
the reacted mixture obtained above over a period of 30 minutes, while keeping the temperature of the 
mixture at 5' C. After dropping it, the resulting mixture was reacted first at 5* C for one hour and thereafter 
10 at 30' C for 2 hours, to obtain 15 mmoles (yield of this reaction was assumed to be 100%) of solid titanium 
amide compound (A) represented by a composition formula {[(CH3)2CHCH2l2N}4Ti. 

(2) Polymerization of ethylene 

75 A polymerization was carried out in the same manner as In Example 1 (2), except that 0.08 mmole of 
the compound represented by the composition formula {[{CH3)2CHCH2]2N}4TI synthesized in Paragraph (1) 
was used as a catalyst component in place of the compound represented by the composition formula [- 
(C8Hi7)2N]4Ti. The polymer obtained herein had a narrow composition distribution as in Example 1. 

20 Comparative Example 14 

(1) Synthesis of catalyst component Synthesis of titanium amide compound: 

After replacing the Inner atmosphere of a 300 ml flask equipped with a stirrer, a dropping funnel and a 
25 thermometer with argon gas. 0.41 ml (10 mmoles) of methyl alcohol and 25 ml of hexane were charged. 

Then, 10 mmoles of butyllithium diluted with 6.5 ml of hexane was dropwise added from the dropping 
funnel Into the flask over a period of 30 minutes, while keeping the inner temperature of the flask at 5*C. 
After dropping it, the resulting mixture was reacted first at 5 ' C for 2 hours and thereafter at 30 • C for 2 
hours. 

30 Then, 10 mmoles of the comound represented by the composition fomnula (C8Hi7)2NTiC!3 synthesized 
by the same method as in Comparative Example 5-(1) was dropwise added from the dropping funnel. into 
the reacted mixture obtained above over a period of 30 minutes, while keeping the temperature of the 
mixture at 5*C. After dropping It, the resulting mixture was reacted first at 5* C for one hour and thereafter 
at 30*C for 2 hours, to obtain 10 mmoles (yield of this reaction was assumed to be 100%) of titanium 

35 amide compound represented by a composition formula (Cg Hi 7 )2 NTI(0CH3 )Cl2 . 

(2) Polymerization of ethylene 

A polymerization was carried out in the same manner as in Example 1-(2), except that 0.08 mmole of 
40 the compound represented by the composition fonmula (C8H,7)2NTi(OCH3)Cl2 synthesized in Paragraph (1) 
was used as a catalyst component in place of the compound represented by the composition formula [- 
{C8Hi7)2N]iTi. The polymer obtained herein had a broad composition distribution. 

Example 6 

45 

A copolymerization of ethylene and 1-butene was carried out In the same manner as In Example 1 by 
using the same catalyst system as used in Example 1. A polymer nan-ow in composition distribution was 
obtained as in Example 1. 

50 Example? 

A copolymerization of ethylene and 4-methylpentene-1 was carried out in the same manner as In 
Example 1 by using the same catalyst system as used in Example 1. A polymer narrow in composition 
distribution was obtained as in Example 1 . 

55 

Example 8 

A copolymerization of ethylene and 1-decene was carried out in the same manner as in Exmaple 1 by 



11 



EP 0 509 233 A2 



Tabi?' '"^ " P^'y"'""*'"" «he samples mentioned above are summarized in 
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50 Claims 

1. A process for producing an .ethylene*or-olefin copolymer which conrtprises copolynr^erizing ethylene and 
an a-o)efln at a polymerization temperature higher than 120'C by using a catalyst system comprising 
(A) a titanium amide compound represented by the following general fomnula: 

55 

(R'R2N)4-„T1Y„ 

wherein and R^ each represent a hydrocarbon group having 1 to 30 carbon atoms, Y represents an 
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75 



20 



f^irMrhf . Sil tetralds(dipropylamino)manium. tetrakis((Jibutylamino)titanium. 

d^Jc^Si Hr"°'''^'"'"'.*^'"'''^ tetrakis«Jioctylamlno)ti4nium. tetraWs^ 

(didecylamino)titaniumortetrakis(clioctadecylamino)titanium. 

3. A process according to Claim 1, whereir, said oxygen-corrtaining alkylalumirium compound (B) is at 
teast one member selected from the group consistinQ of cyclic and acyclic aluminoxanes of which 
structures are represented by the following general formulas: 

fAI{R3)-01 and 
R32AI[AI{R3)-01<AIR32 

wherein R3 represents a hydrocarbon group having 1 to 8 carbon atoms, and k represents an integer of 
1 or greater. " 

*° ^'^"^ ^- ^""^ ''^'^^ ^'^ aluminoxanes are 

tetrame hyladialummoxane. tetraethyldialuminoxane. tetrabutyldialuminoxane, tetrahexyldialuminoxane 
methylaluminoxane. ethylaluminoxane. butylaluminoxane or hexylalumioxane. 

6. A process acconjing to Claim 1 . wherein the polymerization temperature is higher than 1 50 • C. 

25 6. A process according to Claim 1 wherein the amount of the compound (B) is 1 to 10.000 moles per one 
mole of titanium atom in the compound (A). h « ^ 

7. A proce^ according to Claim 1. wherein the polymerization is carried out in a solution process using a 
hydrocarbon solvent or a high pressure Ion process. 

30 

8. A process according to Claim 7, wherein the polymerization pressure is 5 to 100 kg/cm* in the case of 
solution process. w uio «.w>d ui 

9. A process according to Claim 7, wherein the polymerization pressure Is 350 to 3.500 kg/cm^ in the 
35 , case of high pressure ion process. sf o 

10. A process according to Claim 1. wherein the a-olefin is those having 3 to 20 carbon atoms. 

40 ? ^'Jf^fiT-*? "'^^'^'^ "-methylpentene-l. hexene- 

40 octene-1, or vinylcydohexane. 

llril^^'fTf ^^"^ ^- ^ ethylene-a-olefin copolymer constitutes of at least 80% by 

mole of ethylene and a residual quantity of at least one o-olefin. 

" tl^ri^^re^^s^olf " ^-«in fraction or 



50 



55 



14 



EP 0 509 233 A2 



-1500- 



-3250 



-6750- 



FIG. I 




I09.8"C 



II8.2"C 



-8500-1 r- 



10 



36 



62 88 114 

TEMP'C (HEATING) 



140 



FIG. 2 



500 




-6500- 



36 



62 88 
TEMP^C (HEATING) 



IS 



EP 0 509 233 A2 
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@ A process for producing an ethylene-a-olefin 
copolymer which comprises copolymerizing ethylene 
and an a-olefin at a temperature higher than 120'C 
by using a catalyst system comprising a specified 
titanium amide compound represented by general 
formula (R^R2N)4.nTiyn and an oxygen-containing al- 
kyfaluminum compound. According to the above pro- 
cess, there can be obtained ethylene-a-olefin 
copolymers narrow in composition distribution, high 
In molecular weight and excellent in weather resis- 
tance, colorizability. corrosion resistance and dy- 
namic properties. 
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